Aluminum Syntactic Foam (ASF) is a material with great potential in applications related to lightweight structures and structural damping. However, experimental investigations in literature report that the infiltration process to fabricate ASF often results in incomplete infiltration. Published studies on modeling the infiltration process are mainly based on a porous media/permeability approach. This approach focuses on the global porosity of ASF rather than local unintended porosity, since it does not include the infiltration pattern around the individual spherical particles. This paper reports a numerical approach that enables for the simulation of the flow through the porous corridors of the preform. The numerical approach is established in the commercial software FLOW-3D and consists of a finite volume based computational fluid dynamics solver and a volume of fluid algorithm which together calculates the pressure, velocity and free surface of the aluminum. The results of the numerical model illustrate that this method has great potential of predicting unintended porosities in ASF and thereby optimizing the parameters involved in the infiltration process.
INTRODUCTION
Aluminum Syntactic Foam (ASF) is a material where an aluminum based metal matrix is embedded with spherical particles, e.g. cenospheres or glass microspheres. It has an increasing range of applications in many fields, e.g. the automobile, railway and aerospace industries, due to low relative density, low coefficient of thermal expansion and high damping insulation of vibration, sound and heat [1] [2] [3] .
Among many fabricating processes of Aluminum Syntactic Foam, the infiltration process is the most common manufacturing method, where the molten aluminum is infiltrated into a preform consists of spherical particles under an external pressure [4] [5] [6] [7] . However, previously published researches report that the infiltration process has many defects, such as incomplete infiltration, which can reduce the quality of ASF.
Numerical modeling method can provide information of the flow and thermal condition during the infiltration process, and then suggest optimized infiltration process parameters in order to reduce the experimental work. Previous papers [8] [9] [10] on modeling the infiltration process mainly consider the mass, momentum, and energy-balance equations together with Darcy's law which describes the flow of the fluid inside a porous media. However, this approach primarily focuses on the global unintended porosity of ASF rather than local unintended porosity. Besides, in order to utilize this approach, the permeability of the preform and the drainage curve which represents the degree of saturation as a function of pressure are both known. It requires a series of testing infiltration experiments to measure these parameters.
In this paper, a Computational Fluid Dynamics (CFD) based numerical approach is presented. It simulates the flow condition of the molten aluminum though the porous preform, and shows the potential to predict the unintended porosities at the end of the infiltration process. However, the big obstacle for the CFD approach is that the size of the preform is usually around 10cm, while the size of the spherical particles is between 50 to 300μm. The size of the control volumes is at least the same as the size of the spherical particles, and it results in a heavy calculation. Therefore, the purpose of this paper is to evaluate the possibility for this CFD approach to simulate the infiltration process within a reasonable time.
First, the CFD model together with a description of the porous preform is presented. Afterwards, the simulation results are shown and compared with a similar case from literature [8] using a porous media/permeability approach.
NUMERICAL MODEL

Governing Equations
The flow of the molten aluminum through the porous preform during the infiltration process is a highly non-linear problem. Two main physical phenomena, the flow and solidification of the molten aluminum, are involved in the infiltration process. In this preliminary study, the thermal calculations are not considered, only the flow of the molten aluminum is calculated. In addition, the molten aluminum is considered as an incompressible Newtonian fluid.
For global Newtonian flow, the mass continuity equation and the momentum equations are solved, as given in Eqn. 1 and 2, respectively.
where is the velocity of the molten metal, is the density, is the time, is the pressure. Note that no gravitational force, surface tension or pore pressure are considered in this study.
CFD Solver
The commercial software FLOW-3D is used to calculate the incompressible Newtonian flow of the molten aluminum [11] . FLOW-3D is a CFD software analyzing various physical flow processes. FLOW-3D solves Eqn. 1 and 2 by the use of the Finite Volume Method (FVM), coupled with the Volume of Fluid (VOF) technique to track the location of surfaces and to apply the proper dynamic boundary conditions at those surfaces. In addition, the Generalized Minimum Residual Solver (GMRES) is used to solve the pressure and the velocities.
Description of the CFD Model
The parameters of the infiltration process, such as material properties, the geometry of the mold, and the boundary condition used in this study are all adopted from [8] , in order to make a comparison between the two different numerical approaches. A porous preform, having a shape of cylinder with a diameter of 10 cm and a height of 3 cm, is assumed to be inserted in a mold which covers all the surfaces of the preform except a 15-mm-diameter circular inlet on top of the preform, see the grey region and blue region in Fig. 1 , respectively. A vacuum of 50 Pa is applied as the void initial state, and an external pressure of 0.8MPa is used as inlet boundary condition to force the molten aluminum to flow into the preform. Furthermore, a zero-velocity boundary condition is used at the surface of the porous preform. Finally, two symmetry boundary conditions are used between the red and grey/blue region of the domain, shown in Fig. 1 , which enables only one fourth of the preform to be simulated and thereby reducing the calculation time. Note that in this preliminary study, the size of the control volumes is set equal to the mean diameter of spherical particles in order to decrease the computational load.
In addition, the molten aluminum is considered to be A380 with a dynamic viscosity of 0.0012 Pa·s and a density of 2.46×103 kg/m 3 , while the material of the spherical particles is assumed to be glass. These are both common materials used to produce ASF by infiltration process. 
Geometric Model of Porous Preform
The three-dimensional geometrical model of a preform consists of spherical particles is then generated based on the following assumptions: the shape of the spherical particle is considered to be a cube; these cubes are randomly distributed inside the preform; the total volume fraction of the cubes is 33%.
The preform is created as described below. The computational domain of the preform is divided into many small cubes. The side length of an individual small cube is considered to be the mean diameter of the spherical particles. Afterwards, each small cube has one in three chance of being a spherical particle. Therefore, a porous preform consists of small cubes (represent for spherical particles) is obtained, see 
RESULTS AND DISCUSSION
Flow Pattern
The simulated flow pattern of the molten aluminum of different cases is shown in Figs. 4 . The mean diameter of spherical particles is 500 µm, 400 µm, 300 µm, and 200 µm, respectively. The red region represents for the molten aluminum and the grey region represents for the preform.
The simulated infiltration flow pattern is very similar to the one presented in [8] which utilizes a porous media/permeability approach. The infiltration front appears to be hemispherical. It shows the capacity of this CFD approach to capture the physics involved during the infiltration process. Moreover, the flow pattern at the symmetry boundary shown in Fig. 5 shows the value of fluid fraction. That means it is possible to capture the volume fraction of air, which is also the unintended porosities, during the infiltration process. The dangerous area with high risk of unintended porosities can be predicted using the CFD approach. Ideally, if the thermal equations are included in this model, the unintended porosities inside the preform can be predicted at the end of the infiltration process. However, in this preliminary study, thermal calculation has not been considered yet. 
Filling time
The relationship between filling time and filling fraction is found to be linear according to the simulation results. And the filling time for simulations with 500 µm, 400 µm, 300 µm, and 200 µm-spherical-particle-diameter preform is 0.079s, 0.088s, 0.10s and 0.12s, respectively. The filling time is increasing when the size of the spherical particles is decreasing. Afterwards, the best fit curve of the relationship between filling time and filling fraction can be extrapolated, shown in Fig. 6 . 
Calculation time
If the size of the spherical particles decreases, the number of control volumes in the CFD model increases exponentially. In the meanwhile the computational load is getting much heavier. The calculation time for simulations with 500 µm, 400 µm, 300 µm, and 200 µm-spherical-particle-diameter preform is 6 hours, 13 hours, 30hours, and 200 hours, respectively. Therefore, it is feasible to carry out a simulation of infiltration process with a preform consists of spherical particles with the size of the order of 200 µm within a reasonable time using the CFD model.
CONCLUSIONS
A CFD approach presented in this paper shows a good potential to predict unintended porosities in Aluminum Syntactic Foam fabricated by infiltration process.
First, the simulated flow pattern using a CFD approach is very similar to the one using a porous media/permeability approach. It is possible to calculate the local unintended porosities during the infiltration process. Secondly, the filling time increases when decreasing the size of the spherical particles in the preform. Finally, the CFD approach can be used to simulate the infiltration process producing ASF with spherical particles which have a diameter of the order of 200µm.
Regarding the future work, a thermal calculation should be included in the CFD approach with a goal of obtaining the unintended porosities in the end of the infiltration process. Moreover, infiltration experiments should be conducted and compare the experimental results with numerical results.
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